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INTRODUCTION

This project was undertaken because it vas felt that the existing

state of knowledge regarding the antigenio properties Wn relationships

Among the desoribed Nocardift speoies, as well as the possible relation.

ships among Nocardia and Iyobaoteria, was inadeejuatoo It was antici-

pated, that the study to be undertaken would lead to a better under.

stanling of these relationships and thus to improved knowledge of the

biology or the Nocardia. It was also hoped that certain of the results

might be of value in solving the sometimes difficult problem of differ-

ential etiologic diagnosis in human infection. with acid-fast microbes.

ks Indicated In the original request for support, the not uncommon

presence of looardia in human tissues or products ma create confusion

in diagnopis and prognosis, unless the true nature of the infecting

organisms is recognized* 'While some species are probably merely con.

taminants or secondary invaders as are saprophytic mycobateria. (e*go, 1),

other species are undoubtedly capable of causing serious or even fatal

disease so that their proper identification is important (e*g., 2). It

seemed definitely worthwhile, therefore, to investigate the possibility

that suitable serologic tests might be developed which would permit of

more rapid and accurate methods for diagnosis.

As a preliminary to the serologic study it was considered desir-

able to carry out a comparative stady of the morphologic and cultural

behavior of the respective uioroorganims. 1hile recent taxonomic

classifications of Noeard. include enumeration of these properties for

numerous species (e*go, 3, 4) mAch amsaries, are of necessity based at



least in part on the original literature, made up of articles some of

which describe only a single or few spool., Certain of the descrip-

tions are, moroovor, incomplete or inadequate by ourrent standards,

while soe of the original type strains are no longer available. For

the present study, we endeavored to secure from various sources in this

country and Great Britain what we considered to be a reasonably repre-

sentative oolleotion of previously identified strains of Nooardia,

inoluding both sapropbytio and known pathogenic strains* We also

soleoted for comparative study oertain saprophytio species of Nycobo_-

teria which were available in our laboratory* The colleotion of oul"

tures was then examined for cultural behavior employing methods and

media which we believed might yield data of differential value, partio-

ularly sinoe for purposes of uniformity the various strains were inoou-

latod into samples of a given batoh of medium at approximately the sae

time*

In the serologic studies which followed the cultural work, an

effort was made to propagate all of the cultures on a uniform sani-

synthetic fluid medium, fro of large molecular weight Impurities, so

as to avoid inadverdent production of antibodies to constituents of the

medium. The medium selected was one which would support the abundant

growth of most Nocardia and saprophytio Wobactoriaj it would also be

satisfactory for pathogenic Woobaoterial species in case we should wish

to study the latter in subsequent phases of the work. A good deal of

effort was expended in developing convenient methods for production of

suspensions of the microbes sufficiently stable to be used in agglutina-



tion tests. Various technios for performing the agglutination text

were aleo examined sad it was concluded that a macroscopio slide test

had definite advantages over a macroscopic tube test or a microscopic

slide test*

It was hoped on the basis of past experience with other antigens

that chickens would prove satisfactory in the production of high-titered

specific antisera for Nooardia and indeed the preliminary data obtained

with such antisers seemed quite encouraging. It was only after consider-

able work had been done that we found many chicken sera to be capable of

agglutinating Nocardia suspensions even prior to experimental inmuniza.-

tion of the animals, so it was decided to abandon further attempts in

this direction and to use rabbits instead, The individual rabbits were

selected on the basis of tests of their sera, hioh were colleoted on

pre-Imisation bleeding and set up against the antigen which the

animals were expected to receive in subsequent inoculations.

Rabbits with little or no evidence of pre- mnunisation antibodies

were found to be satisfactory for production of anftisera, although the

dilution titers obtained did not in general have high numerical values

and many animals required multiple series of injeotions to obtain a

stable peak titer. Numerous animals also died during the course of

imumnsation presumably as a result of the endotoxic properties of the

antigenic preparations.

Since it was decided to test all antisera simultaneoubly with a

given antigen and because of the unavoidable delay in seourlng these

reagents, they were stored for prolonged periods. In the case of the
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entisera hbich were stored at 4-5"C after addition of glycerin (33 per

cent by volume), successive tests carried out at i1ntervala gave same

evideneo that the gglutinating oapacity had deteriorated. Other tech.

nical factors, described below, also gave some difficulty but were

believed ovyoome by the time the project was terminated. In spite of

the foregoing, it in felt that the serologio data presented are of con-

siderable interest and we feel that they shed much light on procedures

to be used in future studies vkioh might be expected to be at even

greater value*

Note, Since the earlier literature concerning serologio tests, especially

agglutination tests, with aotinonroetes has been reviewed by Slack, Ludwig,

Bird and Canby (6), no attempt has been made to analyse it in this report.

It may be mentioned, howeverjthat ma of the investigators used unidenti..

fied cultures of terobic actincayoetes or &trains designated by names which

are difficult to correlate with those in current use. In some instances

work was performed with only a few species and with single strains of a

given species* Various workers have noed serologic cross-reactions among

aerobio aotinamyctes and sapropbytio or avirulent mycobacteria, as well

as low-titered reactions between certain Nocardla and M. tuberculosis.

The relationships were more readily demonstrated by oomplement-fixetion

than by agglutination tests* It seems fair to may in uimary that the

examination of the problem of serologic relationship among Nocardia

and Myoobateria is far from complete.
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I. CULTURAL STUDIES

A. Microbial Colleotion Eamined

The cultural oharacteristio of the following species and strains

were investigateds

Culture Dosigmtion Obtained from O.8,.

Nooardia

N. ateroides ATCC. 3308 U .SAM Mod, Rose. and Grad. School 318

a a e 9504 " " • . R 312

* a * 9970 w a w i a a i 314

strain 312 Dr. N. F. Conant, Duke Univ. 304

a a a 314 N N a ' 302

a a a N . N nI I a 308

a a a boin- Univ. of Minnesota 310

i N a Wojik 23 U.S.PoH.S. Hospital, New Orleans 308

No blaokllii ATCC 6846 Am. Type Culture Collection 313

N. oaviaN 6848 U. Be Army Made Reo and Grad. School 316

N. corallina , 999 Dr. R. L. Starkey, Rutgers Univ. 371

., ouniouli ' 6864 Am* Type Culture Collection 326

N6 orythropolis w 4277 U. So Army Med. Roe. and Grad. School 367

N. faroinica " 3318 Dr. 3. H. Ludwig, West Virginia Univ. 332

No globerula 9356 U. 8. Armny Mod. Rose. and Grad. School 17

No intraoollularis - Dr. N. F. Conant, Duke Univ. 330

N. leinlmanii ATCC 6855 Am. Type Culture Collection 336

+ 0o8,1, a Our serial mmber

* ATCO a American Type Culture Collection
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Culture Designation Obtained from O 1q0SN

N. madurae ATCC 6246 Dr. I. He Ludwig 335

It madurao - Dr. N. F. Conant, Duke Univ. 333

T. mexionaWekuui 18 W " " , I 326

" " " 24 3 f I n " " 322

strain 2178 3, , n 9 324

N. minima ATCC 8674 U. S. ArW Med. Re. and Grad. School 309

we opaoa & 4276 " " " " " f " " 319

N. paraffine strain 3410 Dr. Re L. Starkey 362

N. paraguayensiu strain 285 Dr. G. Oohoa, Mexico City 307

N. pelletieri " 293 a ". 305

N. polyohromogenes ATCC 3409 Am. Type Culture Collection 370

N. rangoonensis " 6860 " . . , 323

Myobacteria

Me butyricuam Tulane Dept. of Miorobe 264

N. lepraeostrain Duval * " n 266

W. phlei, strain 125 " " " " 260

m. smegatis " " " ' 270

M. sterooris n " ' f 262
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B. Methods of Study

Unless otherwise speoified below, all cultures were maintained at

room temperature; this varied from 240 to 320C during the period of the

oultural studies.

1. Growth on Solid Media

Each strain was cultured on slants of the following medias Pits

egg; 4 per cent glycerin heart.infusion agar pH 6.8; Sabouraud's agarX

Csapok's agar; 3 per cent sheep blood heart-infusion agar; carrot agar;

brain heart infusion agar; potato glucose agar; 0.2 per cent starch in

glucose neopeptone agar& The nature of the growth was observed after

15 and 26 days.

Characteristics which were recorded includeds production of aerial

Rycelium, pigmentation of the surface growth, ability to disoolor the

medium (diffusible pigment), -ross appearance and consistency of the

growth.

2. Slide Culture

In preparing slide cultures, sterile equipment and aseptic precautions

were employed. Two capillary glass rods were placed in parallel across

the center of a slide, the distance separating the rods being slightly

less than the width of a ooverglass, In the center of the space between

the rods a very small fragment of culture mass was placed and overspread

with a oaverglass which rested on the rods. Melted glycerin agar at

about 50-656C was then pipetted from one side to fill the space between

ooverglass and slide up to the level of the inoculum, so that the latter

was imbedded JSt at its surface on solidification of the medium. The
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space between the slide ad the edge of the coverglass was sealed on

three sidos with a mixture containing equal parts of melted paraffin

and vaselinoie the side left open being the one opposite to that at

which the agar had been introduced. The slide mount was next placed in

a petri dish containing a mall wed of moist cotton and the development

of the culture was observed at intervals of 2-3 days over a period of

2 weeks* Thereafter the coveralip was removed; the adhering growth was

fixed with heat and stained with crystal violet, then attached to a

slide with Pernount. The preparations were observed for the production

of branched mycelium and for the degree to which the latter fragmented.

3. Aoid-fast Staining Properties

Smears were made from cultures on glycerin agar and in brom.-thymol-

blue (BTB) milk medium, after 10 days of cultivation* The staining

solution and method employed were those of Kinyoun, thus eliminating

the heating of the preparations; deoolorisation was attempted by inmer-

sion of the smears for 10 seconds in either 1 per cent H2804 solution

or in 3 per cent R1 solution. As long as some red microbial elements

were subsequently seen on microscopic examination of the smear, the

culture was considered to be acid-fast although a distinction was made

between weakly and strongly sold-fast varieties*

4. Growth at 420 and 62*C

Triplicate sets of cultures were made on glycerin agar, one set

being subsequently incubated at 420 and a second at 520C while a third

sot was kept at room temperature to cheek on the viability of the inoculum.

Cultures were observed at intervals over a 18-day periods



8. Paraffin utilisation

Cxapek't fluid medium (without added sugar and oontaining ammonium

nitrate as the sole source of nitrogen) was inooulated by emulsifying

a small particle of growth (from a glycerin agar slant) against the wall

of the tube at the level of the upper air-fluid interface. A glass rod

coated with sterile paraffin was then inserted into the tube so that a

length of at least one centimeter of the paraffinn-coated portion remained

above the surface of the medium. The cultures were observed for evidence

of growth at intervals of 15 and 30 days respectively.

6. Starch Hydrolysis

Each strain was inoculated by streaking down the center of the surface

of 2 long thin slants of neopeptone glucose agar containing 0.2 per cent

soluble starch. One set of cultures was tested after 10 days, the second

set after 25 days, by pouring 7-8 drops of Gram's iodine solution over

the surface of ihe slant and reading after a 6-minute interval of standing*

Tfith diastatic strains, the medium showed no trace of the color which would

be seen if starch were still present; with non-diastatic strains a pur-

plish to blue-black color developed almost at once over the entire sur-

face of the medium&

7. Nitrate Reduction

Two sets of cultures were prepared on nitrate agar, one being tested

at the end of 10 days and the other after 30 days. The sulfanilio acid

and dimethyl-alpha-naphthylamin reagents were each added in 0.5 ml

quantities and the tubes were shaken to assure wetting of the surface of

the slant. The test was read after allowing the tubes to stand for 5

minutes. Where only a faint trace of pink developed in the surface of
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the medium with no color in the reagent, the reaction was considered

doubtful. Positive reactions were gradedod and +++ based on the

increasing intensity of the color.

8. Gelatin Liquefetion

In cool weather the nutrient gelatin medium was first liquefied by

placing the tubes in warm water prior to inoculating; in hot weather this

was unneoessary. The inooulum, derived from a stock glycerin-agar slant

culture, was thoroughly distributed throughout the medium which was put

up in Waseermann tubes. At intervals of 14, 30 and 40 days respectively

the tubes were placed in the cold room (at 4-59C) for 2 hours and observed

there for persistent liquefaction. It was noted that when liquefaction

occurred it was always evident by the 30th day so that incubation for

a longer period was not necessary*

9. Action on Brom.thymol-blue Milk

Brom-thymol-blue was chosen as the indicator9 partly because its

range of color change with varying pH extends on both the acid and

alkaline side of neutrality and partly because it was noted in preliminary

tests that"litmus was reduced to a colorless form during growth of the

ocardia whereas BTB was not so affected. The inoculated medium was

observed after intervals of 10, 15, 30 and 50 days respectivolys evidence

of pH change and other enzymatio action were sought. Clearing of the

turbidity of the milk was considered to indicate peptonisation. Later

experiments have shown that this effect can be much more readily demon-

strated by growing the organisms on agar slants containing milk, instead

of in fluid milk.
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10. Caexbohydrate Fermentation

The following carbohydrates were added in 1 per cent concentra-

tion to serum broth (pH 7.0) containing BTB as indicator; glucose,

maltose, lactose, sucrose, galactose, arabinose, man ite, raffinose,

rhamnose, xylose and inulin. Sets of tubes containing the above media

were inoculated for each strain and observed for acid production at

intervals up to 30 days.

11. Hemolysis..

Plates of 3 per cent sheep blood heart-infusion agar were inoculated

for each strain and examined at intervals over a period of 3 weeks for

evidence of zones of hemolysis.

Co Eperimental Results

The data on the cultural tests mentioned above are summarixed in

Table I* A few remarks on some of the findings seem worthy of mention.

1. Characteristics of Growth on Solid Kedia
a......- . - -

a) Aerial mycelium - 'hen the various cultures were examined for production

of aerial moelium (the development of a white fuzzy, chalky or powdery

surface on the growth), all the strains of N. asteroides were found to do

so to some extent but this varied with the media on which they were grown*

The 3 strains of N. mexicana also produced aerial mycelium on most media.

Other strains of Nocardia were variable; some (strains with a soft pasty

or yeast-like type of growth) did not produce an aerial mycelium on any

of the media, as was true also for the 5 strains of Myobacteria.

IIle growth on potato glucose agar and Sabouraud's agar was usually

likely to show evidence of aerial myoelium, the most consistently positive
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results were secured with staroh agar.

The observation that several Nocardia strains did not form aerial

myoelium on any of the media which were used might be explained either

on the basis of the loss of this ability by the microorganisms on pro.

longed maintenance in the laboratory or on a deficiency in the substrate.

Other workers, however, have made similar observations and it would

appear that Nocardia strains or species vary inherently in their ability

to produoe a well-developed gross aerial mycelium (3). In any case, the

characteristic is too variable to be acceptable as a prime criterion

for differentiating Noardia from Myoobaoteria.

Wyobaoteria

b) Pigment production - This is a characteristic of Nooardia which (as

for other microbes) varies with tenperature; the pigment produced in the

growth at 42*C was noted to be much paler than that produced at room

temperature. The intensity of the pigment also varied with the medium,

although the basic color remained fairly constant. All strains of N.

asteroides produced growth exhibiting some shade of yellow or orange

pigment; other Nocardia also produced similar, and occasionally red,

pigments. Still other strains of Noardia produced only creem, buff to

brown pigments and never yellow, orange or red. The production of the

buff to brown pignent appeared to be correlated with leak of acid-fastness

and failure of the myoelium to fragient. Because of the wide range of

colors it was difficult to draw a sharp line of demarcation between

color groups.

Discoloration of the medium appeared to be a variable characteristic,

depending not only on the particular strain of a given Nocardia species



but also bo some extent on the substrate used for cultivation. The

Myoobacteria did not discolor the media on which they were grown.

It was concluded that pigment production is probably of limited

value in identification but should be correlated with other aotivities*

o) Consistency of growth - This varied from a soft, pasty, baoteria-like

growth (ego, N orallina, N. globerula) to a very firm, leathery, almost

rigid turf (some strains of N. asteroides and others). In between theme

two extremes there was almost every possible intermediate condition so

that it was extremely difficult to make any separation into groups on

the basis of growth consistency alone. The consistency varied with the

medium used. It was felt that the use of growth consistency as a basis

of separating groups should be avoided*

2. Growth in Slide Culture

When the Nocardia were grown in slide culture a recognizable true

ioelium was usually observed to develop and to creep out onto both

glass surfaces ahead of the fragmented portion. The only exception

among all the Nooardia strains studied was No intracellularis in ihvch

fragmentation was so complete, even in young cultures, that no mycelium

could be recognized. Among the remaining Nooardia strains fraenta-

tion varied, some persisting unfragmented regardless of the age of the

culture; with other strains, although fragmentation was usually complete

in old cultures one could see (out near the tip of the growth) bacillary

elements still in the position originally occupied by the unfrapented

filament and its branches, Submerged growth was commonly seen.

The Nzoobateria which were studied in slide cultures showed only

a packed mass of bacillary elementea there was no submerged growth.
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3e aid-fastness

All strains of No asteroide. studied showed som degree of acid-

fastness although considerable variation existed among them and they were

in general,, more acid-fast-after being grown In milk than on glycerin

agar* Among the other species stuidied many were not at all aid-fast.

Those forms that showed fragmentation of the nyoslium were acid-fast,

with the exception of one strain. Ll1 strains that did not fragment

were also non-aid-fast. Since acid-fastness appears to vary with the

type of medimu used and the method of staining, it should probably not

be used as a primary characteristic in identifioation. except when car-

ried cut with adequate consideration of these factors,,

4. Growth at 42* and 526C

in nearly all cases where growth occurred at the higher temperatures

it was quite definite and easily observed, in same instances boing ov.

mre profuse than at room temperature. It was of interest that wile all

8 strains of So asteroides grew well at 42*C, none, of the 3 I. mexicana

strains were capable of doing so* The other Nocardia differed similarly

in their ability to grow at 420C., Only 2 of the total collection of 29

Nocardis, strains could grow (poorly) at 52* whereas all $ saprophytio

Ityobaoterium apecies grew well even at the higher temperature.

S. Paraffin Utilization

1hen proliferation occurred it developed only on the surface of the

paraffin at and just below the surface of the fluid medim, forming

around the rod a band 2-4 nu wide& Growth did not occur in the depths

of the medium and no pelliole, was produced*
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Most of the strains sninod, both Nocardia, and oobacteris,

oculd utilize paraffin. There was no complete correlation between this

capability and other activities. The 4 Nocardia strains voh were

unable to utilise the hydrocarbon substrate were completely or nearly

non-aoid-fast, but other non-acid-fast speoles did grow well on this

materiel

6. starch Hyr!sa

Apart from four non-acid-fast Nocardia strains which proved to be

diastatic, the great majority of Nooardia end the 5 m oobaotrial species

did not give evidence of such activity.

7o Nitrate Reduction

This property appeared to be variable in occurrence and degree and

without apparent relationship to other characteristics of the strains,

8. Gelatin Liqefaction

light of the 10 non-acid-fast strains of Nocardia were capable of

liquefying gelatin while most of the acid-oaut Nooardia and yobacteria

did not do so. There was however no absolute correlation between these

ohara teristics.

0& Behavior in BTB Milk

.Growth of most of the Nocardia strains in this medium resulted in

either an alkaline reaction or no change in the indicator; only 2 strains

produced acide The 3 strains of N. noxians and 3 other (non-aid-fast)

ocardia strains peptonized the milk. None of the oobaotoium oul-

tures gave evidence of poptonization; one produced an acid reaction.
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10. Ca bodrate Fementation

The Moyobateria and most of the Nooardia showed little or no fer-

mentative activity when grown in the presence of various carbohydrates

comnonly used in bacteriologic work* Maltose, sucrose, arabinose and

inulin were not fermented by wq of the strains tested. Four of the

29 Rooardia strains effected color changes in the media suggesting that

they might have produced aoid from certain of the substrates and these

strains were all non-aoid-fast. The carbohydrates apparently fomented

varied from one strain to another and did not seem to fit with any

obvious pattern. The possibility is not excluded, however, that the

four strains might have reduced the BTB indicator and concomitantly

have produoed a yellow to brown soluble pigment. This point requires

further cheoking,

11.

A few species of Nocardia, all of them non-aoid-fast, produced senes

of hemolysis on sheep blood agar. All of the aoid-fast species, as well

as a few non-aoid-fast varieties, were non-homolytio under the experi.

mental conditions*

II. SMOLOGIC STUDIES

A. Preparation of

I. Propagation of Cultures on "Standard" Medium

In an attempt to cultivate all the strains on a uniform semi-synthetio

fluid medium which itself would be free of atigenic components, a modi-

fiod Long-Seibert medium was prepared and distributed in quantities of 150

mle in 1-liter Florence flasks which were plugged with ordinary non-
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absorbent cotton and sterilized by autoolaving. The composition of

the medium was as follows,

Casmino acids (Difoo) 10 pm.

hsparagin 0.5 sa,

Potassium acid phosphate 8.0 pm.

Sodium carbonate (anhydrous) 300 pm.

Sodium chloride 2.0 p.

Magnesium sulfate 1.0 gm.

Ferrio mnonium citrate 0005 @no

Glycerin 40.0 ml.

Distilled water 1000 mle

For each strain, six flasks were inoculated by tilting to expose

the bottom on Vhich was emulsified (with a spatula) a bit of 10-day

growth from glycerin agar slants. The flask was then slowly returned

to the upright position, allowing the inooulum to float on the surface

of the fluid. By the end of 30 days at room temperature an abundant

wrinkled waxy growth was present on the surface of the clear medium.

Contamination was infrequent, but if present, it was detected by the

following shecks a) observation of the medium for cloudiness, or

discrete surf oe colonies (of adventitious fungi); b) streaking of an

aliquot from each flask on a plate of blood agar and incubation of the

latter at 370C for 2 days, followed by 1 week at room temperature; o)

exaination of plates of Littim' s oxgall agar ihioh had been streeked

with an aliquot from each flask and incubated 1 week at room temperature.

The identity of the waxy microbial pelliole on the fluid medium was furm

thor chocked by transferring to glycerin agar slants some of the typical
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growth recovered on the blood agar plate, then comparing the gross

cultural characteristics of the resultant culture with those of the

strain employed as the original inoculume

For each strain, the uncontaminated fluid cultures were shaken and

pooled in a 4-liter flask. Phenol was added to 0.5 per cent final con.

centration and the mixture stored at 40 for 5 days, after which the

contents of the flask were filtered through sterile filter peper. Of

the filtrate, all but 100 ml (which was stored in a sterile bottle at

40C) was discarded.

Four strains (11" asteroides OSN 304, .- blackwell.ii OS 313,

N. madurae OS 333 and N. opaca OSN 319) grew very slowly on the fluid

medium employed and produced such scant growth that it was decided to

propagate them on solid substrate in order to obtain sufficient material

for antigen preparation% Good growth was obtained on the modified Long-

Seibert medium solidified by the addition of 2 per cent agar. The result.

ant microbial mass was harvested (by simply scraping it off the surface

of the slant) and thereafter processed in the same manner as the growth

harvested from the fluid medium following the filtration procedure men.

tioned above.

2. Preparation of A Suspensions

Unstandardized antigen suspensions were prepared for each of the

following strains of organisms.
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0.8.N. Species

302 Noca,,dia asteroides
304
306
308
310
312
314
316
322 mexicans
324
326
309 minima
313 blaokwellii
316 oaviae
317 globerula
319 opaoa
323 rangoonensis
325 ouniculi
330 intracellularis
332 farcinioa
333 madurae
336 leislhnanii
362 paraffinaw
370 polychromogenes
371 corallina
260 Mycobacterium phlei
270 " smegstis

0. SN. Cultural Designation Obtained from

318 Nocardia asteroides undetermined source
320 14Al Dr. A. Kligman, Unive of Penna.
342 A402 USPHS Communicable Disease Center
346 A343 "" "
348 " A144i
350 A267
352 80-Henril 4139 "
354 2001 Dr. S. Salvin, USPHS, Rocky lt. Lab.
356 Dept. Vet. Path., Ohio State Univ

(isolated from dog)
334 salmnnioolor Dr. D. Erikson, England
101 Streptoyoea griseus ATCC3326A Am. Type Culture Collection
102 lavendulae ATCC8664 " " if

103 venesuelae ATCC1O09 " ""
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The strains listed above the double line are the satne strains on which

the cultural studies described in part I were carried out. The strains

listed below the double line were reeived much later and no cultural

studies had been done on this group. This latter group of organisms

was also reoeived subsequent to the completion of the immmisation pro-

cedures so that no antisera were prepared against them. The antigens

prepared from these strains were however standardised and later cheocked

against available antisera.

The harvested microbial mass derived from either fluid or solid

medium was now treated to obtain a dense (unstandardized antigen) sus-

pension as follows. The solid growth was transferred to a sterile mor-

tar and was manually ground with the aid of a pestle and an equal volume

sterile washed Hi-Flo Superoel which was added. To the resultant homo-

geneous paste was added enough phenolixed saline diluent (0.16 M sodium

chloride solution buffered at pH 7.2 - 7.4 with 0.025 M potassium phos-

phates end containing 0*2 per cent phenol plus 0.1 per cent bile salts

(Difco) to make a semi-fluid but easily flowing suspension. The latter

was passed twice through'a Wood.-Workman cone mill* and thereafter diluted

sixfold with the phenolized saline diluent. The diluted suspension was

next spun 10 minutes at 600 rpm on the horizontal head of a centrifuge,

in order to sediment the abrasive as well as gross particles of the

antigen. The deposit was discarded, the supernate (unstandardized

at .suspensin) was transferred to sterile stoppered bottles and

was stored at 4-51C until needed..

• Kindly made available by Drs A. G. C. White of the Tulane Dept. of
Biochemistrys
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It should be pointed out that in the early stages of the work

attempts were made to prepare the suspension simply by grinding with

saline in a mortar but without the addition of abrasive. This proved

unsatisfactory, in terms of the lack of uniformity and stability of

the microbial particles, so the use of the Wood-Workman cone mill was

tried. Even with this apparatus it was found .Qioult to prepare

satisfaotory homogeneous suspensions until the use of Hi-Flo Superoel

(Johns-Manville Coo) was adopted. With the aid of the abrasive, stable

suspensions were scoured end all of the antigens used below were prepared

in the manner described above. In the latter stages of our work, it was

found that satisfactory suspensions could be prepared by simply grinding

the microbial mass in a mortar with Superoel and eliminating the stage

of seconday grinding in the cone mill.

For the production of antisera, unstandardized antigen suspensions

were injactedo After the imuunization procedure was completed and

before being used for agglutination tests, all antigens were matched

against a selected optical density standard and adjusted to give a sus-

pension equivalent in turbidity to a suspension of S. ooli oontaining

405 z 109 organisms per ml.

3e Preparation of Antisera

Prior to iuujnization of all animals, 40 =l. of blood was withdrawn

by cardiao puncture and the serum was stored for later use as a control

reagent. All blood taken, ihether pro-or post-imamization, was defibrin-

ated with glass beads and the serum then separated by centrifugation* As

a preservative o.p. glycerin (pH 7.2, adjusted by the addition of sodium
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hydroxide) was added, one part by volume to two parts of serum. The

glycerinated serum was stored in screw-cap glass bottles at 4-50C. A

preliminary determination of the titer of each antiserum was made immdi-

atly after it was secured, according to the following procedure. A series

of doubling dilutions of both pro. and poat-immunization serum were made

in buffered saline, ranging from 1slO to 11160. Two parallel rows of

squares having been ruled off with oryon on a glass plate, one drop of

each dilution was placed in squares arranged so a given dilution of pro'

imounization (control) serum was adjacent to the similar dilution of

hyper-inmune serum. To each drop of serum was added one drop of unstand-

ardized undiluted homologous antigen. The plate was placed on a Yankee

rotator (Clay-Adams) and rotated in the horizontal plane to 130 R.P*M.

for 5 minutes. The mixtures were then examined for evidence of easily

recognized gross agglutination, holding the plate over a fluorescent

light. Agglutination requiring inspection with a hand lens for reoogni-

tion was not considered as positive in the readings.

It was first decided to try chickens as a source of antibody to the

Nocardia. Ten chickens were used, each being immunized against a dif.

ferent strain of N. asteroides. Each chicken was given 2 ml. antigen

intravenously and 2 ml. intraperitoneally, at 5-day intervals for a

total of 4 in ootions*. Following a week's rest, each chicken was bled

for titer check and the series of injections was then repeated until

each chicken had received a total of three series of inoouJations.

After the first titer check it become evident that chickens would be

unsatisfactory for use with the Nocardiao In all but one of the sor&

obtained, the preoimmnization specimen agglutinated the antigen to the
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same titer as the post-imunisation samples. In some oases the aglue

tination in the pre-immunisation serum was stronger than in the post.

immunisation sample. It was therefore decided to use rabbits for the

production of antibody*

For each strain or species used as antigen, 2 rabbits were employed.

Because of limited facilities in the animal house, immunisation could not

be carried out against more than 8 to 10 strains at arV one time. This

had certain drawbacks, since by the time the last group of i-,unisations

was completed the sera obtained from the first group were over a year old,

Variations in the quantity of inoculum and route of inoculations were

tried in the different groups of rabbits used. On each occasion of in.

jeotion the vaccine was given either intravenously only, or both intra-.

venously and intraperitoneally; the interval between successive injec-

tions in a given series varied from 4 to 7 days. The quantity admin-

istered by either route varied in different series from 3 to 10 ml.; in

a given series, vaccine was injected on 3 to 10 ocasions. The animals

were bled 7 days after the last injection in each series. Each animal

received 1 to 3 series of injections, depending on the promptness with

which antibodies were produced.

The results may be suuuarsied as follows,

a) When a given antigen was administered to a pair of rabbits, the response

observed was generally similar in rate and degree. In many instances

the serum of both animals showed similar titers or titers varying by

not more than 1 or 2 doubling dilutions, when bleedings were taken at

the some time. In other casess the serum titer in one rabbit of a pair

was significantly lower after the first series of injections but 'when the
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hyper- imunization was oontimed similar lev1el

30ond or third series*

t) fertain antigens stimulated an antibody reel'i >": , Which was demonstrable

In both rabbits after the first series of injo -, "€While with a few

strains no agglutinina were detected even after * " i orIma,, strains two series of injections were requi 'or produotion of
waltable tiers, but there was little difference ' n

!" r"ZO the -tiers
attaunied at the conclusion of the second and thi '.rtht thet

o) The titers attained, as measured by the prc , e  ple were not

high; they ranged from 1410 to ls320, with m= nrk\ shwi titers of

) No consistent difference was noted in th,. rrsultm o!

o ould 'be attributed to the quantity of vao i,. admiuliad , omber of
.njeotlons, route of injections or interval .tween

Be Procedure for Performingk!3int

A in ta preliminary determinations oi >,.oou ! iter (see above),

the oonparative tetis were carried out on g1,zp n.ates 8 x 10") ruledI8" x1" ue
ofb with wax, pencil into six longitudinal rows f: ' L,

' squares each. Pre-
iammnizxtion (ootntrol) serum dilutions were a~ &,', t V!

m e squares in one
of each adjacent pair of rows, dilutions of ,o 4.n,.,semr,..a :uo serum from

I' the swr aninal were added to the squares in the ae. f hi ,1 ! i r. ,,rw of the pear;

thus three different antigens could be terted at theft. on time on a given

plate. Each square received 0.03 =l of a serum did

ion and nearby 0.03 Ml
of an .,tigen,ewh measured from a 20 gauge-needi,

"4ttached to a tuber.-
ialiu Arimgo (0.25 ml capacity) graduated in dIV t u

lions of 0.01 ml. %.On/he
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all the various reagents had been dispensed on the squares of the plate,

the antigen and serum dilutions were mixed with a wire and the plate was

set on the horizontal rotator run at 130 R.P.M. for 5 minutes. The plate

was then removed, held above a fluorescent light and examined for gross

agglutination. Our methods thus differed from those used by Ludwig,

Slack and their collaborators (5, 6) who within the past several years

have also been engaged in studies on serologic relationships among actino-

myoetes.

All comparative tests were carried out with standardized antigen

suspensions (see above). For the sera a series of 5 successive doubling

dilutions was made in a given diluent, starting with ll0 dilution. In

those instances shere marked agglutination occurred in the highest such

serum dilution (11160), the test was repeated pith dilutions of serum

as followns 1slO0, 1%200, 1400. ls600.

Co Results of Ag~~nation Tests

The first series of comparative tests was begun on Feb. 10, 1953 and

was carried out with sera diluted in 0.01 M phosphate-buffered saline

pH 7.2 - 7,4. The results are sumarized in Table II but certain points

seem worthy of brief mention here. Considering first the behavior of

the respective antiseral

a) Of the 5 antisera prepared with as man different strains of N. asteroides,

one (#208) seemed to be essentially devoid of agglutinating antibody and

this antiserum had resulted from injections of No asteroides O.S.N. 302

which appeared to be agglutinated non.specifically by all the sera

against ihich it was tested. It is possible that, as with certain strains
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of other microbes, _. asteroides O.S.N. 302 may have been ansoigenioally

degraded and lacking in type-specific surface components which would

otherwise have rendered it stable in the presence of normal serum* Two

anti-N. asteroides sera (202 and 246) seemed to be relatively specific,

in that the post-immunization specimens agglutinated some but not all

other N. asteroides strains tested and they did not agglutinate many

other species of Nocardia nor the yobaoteria and Streptozyces strains

tested. Two other anti-.No asteroides sera (237 and 251) appeared to be

less specific and more broadly reactive in their behavior when set up

against various Noardia, Mycobateria and Streptomyces antigens.

b) The anti-No globerula and anti-N. intracellularis sera appeared to be

relatively specific and potent against their respective homologous organ-

isms but showed little or no evidence of increased titer of the post-

imunization specimens when tested against heterologous species*

a) The anti-N. mexicans serum appeared to react with nearly all N4 asteroides

strains tested; it also agglutinated some, but not all, other Nocardia

species, It agglutinated 2 of 3 Streptonmces species, but not the 2 yoo-

bacterium species tested.

d) The anti-M. &lei serum showed low-titered oross-reactions with various

Nocardia strains but a significantly higher titer with the homologous

antigen, It was noteworthy that this antiserum showed only low-titered

reaction versus M. sme uatis and insignificant reactivity with Streptomces

antigense

Examination of the behavior of the various antigens led to the fol-

lowing tentative conclusions$



a) No asteroides OSoN. 302 and N. oadiae O.$,N. 315 appeared to be

spontaneously agglutinable.

b) The other 4 N. asteroides strains appeared to be antigenically hetero-

geneous, since some of them were not agglutinated by antisera which proved

capable of agglutinating other straiin. Antigens from N. asteroides

strains O*S.No 304, 306, and 308 were agglutinated by pre-inumnization

serum specimens from one or more animals. None of the N. asteroides

strains were agglutinated by the anti-. globorula or anti-No intracellu-

larin sere, while they were all agglutinated by the anti-N. mexicans serum

and to a lesser degree also by the anti-Mo. serum.

o) N. blackwelli. and N° farcinic_ showed a similar pattern of behavior,

differing chiefly in the reactivity with anti-N. mexicans. serum exhibited

by the former.

d) N. intracellularis appeared to be only slightly affected by satisera

prepared against heterologous species.

e) !. minima, E. opaoa, _N. paraffinAe, I. polychromogenes, N. rangoonensi "

showed only moderate degrees of cross reactivity with heterologous antisera.

f) N. leishmanii showed cross reactions with certain anti-N. asteroides

anti'sere as well as with anti-N. mexicana and anti-M. phlei serum.

g) The N. madurae antigen was agglutinated by pre-immanisation bleedings

of 3 anti-N. asteroides sera as well as the control specimens of

the anti-K. phlei and anti-N, mexicana sere. It was not agglutinated by

single antiserum vs. N. asteroides, No globerula or No intracellularis.

h) The No mexicans. antigens showed some cross reactions with anti-No

astoroides sere but produced higher titers with antiserum to the homologous

species.



i) The M. phlei antigen appeared to be little affected by other than

homologous antiserum; the anti-M. phlei serum did not however agglutinate

M. smegmatis to a corresponding degree.

J) The Strepbtuyc s antigens were only agglutinated by one or two anti-

No asteroides antisera and by anti-N. mexicana serum*

During the course of performing the tests in the first series, it.

was noted that a considerable degree of agglutination occurred in pre.

immunisation (control) sera, particularly when N. asteroides strains O.S.N .

308 and 312 were used. In an effort to eliminate such behavior, these

strains were tested against sera diluted with 4 per cent bovine albumin

solution in buffered saline pH 6o8 and it was observed that the use of

this .diluent eliminated most of the agglutination produced by the control

sera without any appreciable change in the titer of the post-immunization

sera. It was therefore decided to carry out a second series of tests

using the bovine albumin solution in buffered saline as a diluent.

In May, 1953 the second series of tests was undertaken, in whioh

the only modification in procedure was the substitution of the albumin

solution for the original diluent. Results are shown in Table III& For

some of the strains sera were available from both rabbits of a pair vhich

had received injections of a given antigen. In certain instances the

reactivity of both such sera showed a fairly good degree of correspondence;

when this was the case the results for the two antisera have been recorded

on a single line, but where the reactivity differed significantly, the

behavior of each serum is recorded separately. It should be stated also

that no evidence of a reaction with amV antigen was obtained in trials
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with antisera prepared against ~ r~N. asteroides

0 .S. 314, 1T. _1 2uia 0. s.?TI 0,e) uiuiOSN

I ~ ~~325. These testa are therefoir 1uia. j ;:ta:,ikweth
tests with an~tigen at No oavi O,. -~ 15 viicbenn

specifically agglutinated by a.l! ~

in surreying the resutm, Alvm in Tab.,- 1'11, the followinxg points

appear to be worthy of mntkp-;,

a) The anti-N, asteroldes sera varied in their ability to react with

individual strsains of this organism. The satisera to N. aste*raides

strains 0.S.N, 310 and 312, for example, appeared to be r3i3iet ey speci-

tic for the hfamologous organisms and showed no crams-reactions with other

strains of t1k..t species. The antisera to strains 0.8.!. 304, 306, 316,

end 318 appeaed2 more broadly reactive, while the low-titers obtained

with antisera to strains 0.S*N. 302 and 320 suggested that the suspensions

used for inoos~iation of rabbits had been poo:rly antigenic. Mhere a given

antiserum reacted with several strains of N. asteroides, however, differ-

*oes in titer were noted suggesting antigenic heterogeneity among the

strains of this organism

b) The anti-Nu anzeroides sera showed little evidence of cross-reaction

witk, No faralktoa, No intracellularis, N. leisbmanii, N. madurae, N

nexicana, I* minima, N._rangoonensis; or the maycobacterial and strepto.

iNroeta1 antigerxs tested. Gloss-reactions in two or more anti-N. asteroides

wre obtained *with N. blackwllii, N. oorallina, No cuni culi, No.lbrl,

!*paraffinae mix4 N* po!Zohromagenes.

a) One of the imti-N* mexicana sera appeared to bi relatively specific;



the other satisera, appeared more broadly reactive, although the highest

titers for the anti-N. maxicana 0.S.N, 322 sera were obtained with the

hcmelegous orgenma. The data suggested that strains O.SN& 322 end 324

might be aztigenioally distinguishable. -U Io reactions of

the respective homologous antigens w!Wx 1tir 26seu

and with anti-N. blaokwellii O*.S *rv bq -,t lesser

degree then was cbtaifled it& I*'s We,~ rgs

d) The entinera, of D. globol," :i 1 .N. ZYlz up,..ieed to be rlt~~

specific, yielding highe't-r i,~o satgn;t~ 'i

ficant cross-reactions appeared to b~ e 1 toc corallina and n,.-is or

more strains of N. auteroides.

e) The anti-N. rangoonensis 0.8.N, 323 seum to be qui% rit

for its homologous antigen.

f) Antigens of the following strains were not W7g2: of.,e too

titer by any of the heterologous antisera tested* 332,

),T intraoellularis 0.3.N. 330, N. madurae 0.S*N, 337, mi..: 09

After many strains had been tested in the sy'stenm).~: bvene

albumin solution, it appeared that the agglutinability of ,iome WatIgOfl5

was being adversely affected in the presence of this di-J.-; 'tor exampl,,

anti-N. madurae 0.SoN. 333 serum diluted in bovine allzr-: soluion, did

not agglutinate the homologous antigen even at a ti-ev ok . 0 whereas

the preliminary check of serum titer performed sh~rtI--,,r s.4ter the time of

bleeding had given a value of 1,160, N. inadurae.04.1 3,x.3 satigen was

therefore tested against aliquots of the homuologous antiserm diluted

WgO and 1,40 with 4.0,V 2.0, 1.0s 0.2 and 0.1 per cent solutions Of



bovine albumin respectively. No agglutization was seen in antiserum

diluted with saline containing bovine albunin at concentrations of 1.0

per cent or greater. In 0.2 per cent al,&,In solution good agglutination

was obtained and the reaction was much more marked in the 0.1 per cent

solutioLm The antigen was then re-cheoke against antiserum diluted slO

through 160 solely in buffered saline; definite agglutination was seen

even in the highest dilution, as had been the case originally. It was

concluded that the presence of excessive bovine albumin inhibited agglu-

tination of son of the antigens and ADrther tests usiug this reagent

were discontinued.

On October 15, 1953 a third seris f tests was begun, using 0.01

molar phosphate buffered saline as seruT diluent. The results in general

were similar to those obtained in the earlier series although some dif-

ferenoes were observed. It was noted, however, that maW of the antisera

which had exhibited satisfactory titers versus the homologous organisms

when tested shortly after bleeding or in the first series now failed to

show agglutination even in the 1:10 dilution. It was concluded tenta

tively that some of the antibodies might be labile on storing or that

glycerin might not be a satisfactory preservative. The latter conclusion

was reinforced by the observation that many of the antisera had developed

cloudiness and at least three had become contaminated. Lt this point

the project was terminated.

III* StIMMLR

1. Cultural Studies

A collection of previously identified Focardia strains was secured



aM tested to cowpare their m. -7T...

a few saprophytio Woobacterial stralnsv Kost Of t .

aooording to the descriptions given ""*r them in the literature, althouh

some divergences wore observed.

The property of duti rof visible aerial wrcelium(oci the

surface of solid media) was found to be relatively easily and relglarly

demonstrable with sme Noocardia strains while with others it was lacking

or dmeonstrable only on certant zed:"ao

Te poduotion of bruoh-,d -erlil hypha. visible on miorosoopio

examination of slide oultzr.' r. .'mo+ zabe for the iaiority of

Nocardia straIns, but was Iack! : ; or certain Nocardia Gnd all of' the

saprophytiC Noob.oeria teooteki Only a few strains of Nooardia (notably

No Caviaes, No. leiakuuoaii, N. watiurae, N. pellefteri, !!. ramingonwiqrl

failed to show marked fragpentxio-n of the hypha.. Rout strains -

Nooardia exhibited snierged ;.,owh of uyeeliu:-m I.,- . itul'e

while the _yobacteria tested d~id not.

Pilnent produolvAon wvI the consistm~y at_ ~al

oharaoteristios,

Aoid-fastnoas was variable and vh. 1 Ansty..*-ble was mch le881 pro-

nounoed for Nocardia tk.en for Mcobate:. •  de6 ree it wag dependent

largely on the medium used for ouiti. of the strain examined and

also on the method of attempted v,1Uratin.

The majority of Nocardia w.,d the xpropbytio 11oob act eria were

oapable of growing at 420C, but a a few of the former grew at 52"C.

Most strains of Nocardia & capable Of utilizin paraffin for
m~mm mmmm -vo baot ria N.oorallina . o fA. .ini ea

growth, as were the saprophotj. , !ko .M - --- -. f ii"



So ar~ -,~paiewA e pelletieri appeared uxiabI: to util~pare,fin.

usanttor ctiityas reduc! a terones tri be alon taija

at-ait examined*___

Gelatin liquefaction wan obsierved for' certain of the strains iso.

1ate , ,1F. leishnanli, No. maduraee K. mexiaa F,. par Ean i
N. fa*Jui iR Some, Imt not all, of' the strains capable iof 1iaue.

N. r v,~blof peptonizing milk, but the majortty of

n h A bat,.A4c -14 not acidity or pepton3.ze mlk.

of i~ofj fiwan Whc lzd ProteolytiO activity, 9,l1 but No

asteroides, N. mexicana and if. zcrii shwe

aguaist sheep erythrocytes.,

2. Sei'caogio Studies

Met~hods were developed for performing mi "n. O 3agltia

tio'i tests using suspensions of the rospootkrzi sos

obtained by repeatedly injecting rabbits with eziti~ena prept~wed . c..

tures grovn on a semi-synthetic medium. In one series of tfjstsu, tutte>

saline was used as diluent for the antiserum; in a second series, 4 per

cent solution of bt-vine albumin in buffered saline ras used as the

diluent. It appeared from subsequent work that the bovine 'ilbumin diluont,

while reducing the tendency of Nooardia suspensions to agglu-tinate, in

pro-imnialation nora, also interfered to some extent With -Lhe reactions

in post-insaunisation specimens. IReverth.alas, the flrtutnttivej conclusions seem warranzted from the combined da-tas



a) Some strains of N. asteroides evoked the formation of antibodies

orose-reacting with other strains of this species as well as with other

Ncoardia.

b) Bome strains of N. asteroides appeared to evoke the production of

relatively speoific altisera vhioh showed little tendenoy to react with

hoterolotious antigens.

o, Antisere produoed. Di injectons oi" W. gobor.,a, NK intracellularis and

N. ra~m~.onensis appeared to be relatively specific for the homologous

oraaimu,

d) Certain N. mexioax:. straine employod evoked in some rabbita antibodies

Ihioh rested broadly wit?, a wide vsz-.ty of other booardia in,Auding

N. agtroides, 'dile 0-fher antisera ivre more narrowly speoi' io, There

G litmted evilence of a dree of aatigenio specificity among the N.

mmaieax strains.

o) There was relatively -.I.ttlvj oross-reaotivity exhibited by the various anti.

fNoerdia sera vhen tested against No phlei, Mo. memtis or three Strepto.

goesm strains.,

t) The anti-M. p.ei serum -owtd a relatively M&i. homologous titer but

aleo gave oross-reaotions ir. low titer . .It-V strain* of NcoardLao

mmnmm , , V. O' ' '  .,,

Th, O-gtng to a oolleotio= -1 4dent-fied
Nocardia speieos and rus o,, u .... o0 s.

_ t ,ttrira a Stre tl

and Moobaoteria, has .- v i further e-Adeona Ot the value ot suoh pro.

cedures for the inveti*n.4 a of ralationships Smong the poorly-studied

a~roblio aotincnovte,x,



• -35-

Considerable profit can be expected from further Wrk along the

lines vhioh have thus far been explored, using methods similar to (or

modified from) those developed in this invextigation.

t

I"
I\
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